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© Lubricant for recording media and preparation method of lubricating layer. 
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LUBRICANT FOR RECORDING MEDIA AND PREPARATION METHOD OF LUBRICATING LAYER 

exce7ertT*Z^L",° b]e * * *" t0 pr0Vide a lubricant < or wording media which is 

excellent in the sliding charactenstics and abrasion resistance 

saidll™ °J2L°g ~ "° P ' OV,de 5 ^ "* ~« ***"»• *"» 

A lubricant pertaining to the present invention comprises an alkylsilane represented by the formula (I); 

Ri - Si - r 3 (I) 

R 4 



wherein, at least one of R, - h* is a linear or branched hydrocarbon or fluoro-hydrocarbon chain containina 

Z^TTJ ° Carb0n Ch3inS ^ arran9ed apart from the surtace °< elding medium hydr ° Carb ° n 
w „ h ^ , k , PreParm9 ' UbriCatin 9 according to the present invention includes forming a film 

with a lubricant composing an alkylsilane represented by formula (I) on a recording medZi bJ Z 
Langmu.r-Blodgett (LB) method or an adsorption method ecoromg med.um by the 

to T 'T ed a i ky,Si,ane fi ' m iS 3 ,ubricatin 9 ^ in wh 'ch the Si atoms link through covalent bonds 

to the surface of recording medium and the alkyl chains are packed densely covaient Donos 

r^Ttl appr0p , riat9 i number ° f ranches in the hydrocarbon chains or in the fluoro-hydrocarbon 
chams alkylsilane molecules readily form a closely packed structure and hence a mwkedly Snoanwa^m 

Lib tTah TJ I reSU,t - She3r Stren9th * ^ IUbdCatin9 fMm iS raised to ma - th *™ ^ um 
exhibit h,gh endurance against repeated operations, and direct contact of the recording medium with "he 
recordmg head ,s prevented sufficiently during such operations. This is also du to the more -mToved 

fZeTbv ! e^^o^T T bV ^ ^ meth ° d ° r ^ adSOfPti0n ™ h ° d ^Tyls^nT m 
formed by the LB method can. even when it is monomolecular layer, exhibit sufficient effects 

on nnl'lZ ^I'T*™* *** °' ' reC ° rdin9 m6dium havin 9 an *"<Y'silane-containing lubricating layer 
lubricating layir. ' " ' SUbStr3te ' 2 r6C ° rdin9 mediUm ' and 3 the a.kyls.lane-comainfng 

Plate^ma'de of tn^U^" V** l ° SUPP ° rt r6COrdin 9 ™«* include films and 

plates made of known materials such as macromolecular materials, e.g. polyamide. polyimide polysuffone 
polycarbonate, polypropylene, polyethylene, polyethylene terephthalate cellulose acetaTe ana S 
chlonde. non-magnettc metals, and ceramic materials such as glass and porcelain 

The magnetic material to form recording medium 2 is at least one metal selected from Fe. Co and Ni 



2 



cha,n S each havjng ^ Qr o these Da ^ ^ 

■5 farming properties and are easy to handie ° Py " ne,,,< " < V s " ana - <"*ause <hese alkylsilanes exhibit good film 

r a c b r ~ p ;r z -s ssrs xr rrr mMium a - - - — « 

! ° ou T, s ,n ar e t a ^^1,^ ~ 9s abou ' ^ * "» ™9 

5 - — on ^ 

^^"^hVdroc.rbonch^ofd^u^'^,? T^'" 9 ^ 3,111 """tonally ,„! 
■ samples. *' USUate ' 1 m ™» — «*h reference to the Wowing non-resttCve 

Example 1 

Using each of n-octadecyltriethoxysilane «DD<?i /w 

^N-dioctadecylsuccinylaminoJpropyltriethoxysiiane 7 " ( ^^^'^^^'^'^'P^PV'triethoxysilane (C). 

methylsuccmyfaminojpropyltriethoxysilane (3C) and a wellknown . k ^ N -f tfis < he Ptadecyloxymeth y i)] 

mr ho r e . ,0rmed ° n SUbStrat8S < f,at ^ flS i^rJ ° f S,eariC * Cid < St >' '"^no 
method under conditions shown in Table 1. 3b ° Ut 20 Surface roughness) by the LB 



Film material 


Table 1 




Concentration of film material in solvent 


Alkylsilanes (DPS, C, 2C. and 3C 

i mM. m benzene-ethanol 
(containing ethanol 10 v/v%) 


1 mM, in 


St 

benzene 


Sub-phase 
used 


pH 2. 20 * C 




PH 6.5. 1£ 


i'C 


Surface pressure j 


H 2 SO* 
40 mN/m 


10~*M 


BaCI 2 
KHCOj 
30 mN/m 


4xl0- 4 M 
5x10~ 5 M 



Kyowa Kaimen-Kagaku Co., Ltd., and a 12 mm ?hS^ (M ° de ' DF " PM - su PP» ied by 

head (slider) under the conditions of in „ ' y ' steel ball (6R. SUJ2) as a friction 

9' load (w) and 1.0 mm/ s sliding speed (v) Resu(ts Qf ^ 

3 
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measurement are shown in Fig. 2 

havmg such configurations of segments may act effectively on the tracing property A »<y's.lanes 



20 Example 2 



Samples of monomolecuiar layers were prepared with ODS C or c. „ 

an instrument made by mcorporatmg »,th the friction coefficient meter mentioned in Examole 1 a circ u « to 
A l 9 ' ", """^ T " a suBstrates USM »» Prepared by vapor deposition of aluminum to 2000 

each sample after these passes. Results of this test are shown in Fig. 3. 

As shown m Fig. 3. the abrasion resistance of the lubricating film formed with St was as low as on* 

TL°\ T* T*r? dir6Ct C ° maCt ° f ,he ,riCti0 ° head with the alumi ™ m vv^iie the abraston resis a°,ce 
of the lubr.cat.ng f.lms formed with the aikylsilanes was about 10-20 times as hioh «T h ^ r, 

» lubricating film. Further, the result of the surface observation ^ 

St showed severe scratches in the center portion of the track while the samples formed wtlh the alkTsHanes 
showed scratches uniformly distributed throughout the tracks and the abrasion of these Tot Je. was Iht 
Thus these lubr.cat.ng films, bonded strongly , 0 the substrates, are not readily peeuiTierVJm duS 
repeated operates indicating improved abrasion resistance. The increase in the abr^on res Stance Tth 

<o he mcreas.ng number of alky, chains in the aikylsi.ane mo.ecu.e is conceivably c^™y3£n^ 
h hi ri^ h density of lubricating layer. It proves that the .effect of improving the abrasion tance is 
exh.b,ted adequately when the hydrocarbon chain of alkylsilane has 16 to 22 carbon atTms r6S ' Stance ,s 

45 Example 3 

A built-up film was formed from 1H.1 H-perfluorodecylamido-propyltriethoxysilane (FC) under the same 
^^"uT^^^ n *1r" ^ Pr0Perti8S °' ^ ^ C0mP3red -ith'those oMhe Z 

so a^ d a 10 m m x W mm i m ? J^T * U8infl Separat8 ' y 3 6 ' R SUJ 2 ba)l <^ contact > 

so and a 10 mm x 10 mm SUJ 2 cube (surface contact) as friction heads under the conditions: w = 20 gf and 

9 "T, > w°° 3Ct an9 ' 8 b6tWeen the built ' up fi,m and water was a,s ° measured (30 seconds after 
2.5-ul water was dropped). Results of these measurements are shown in Table 2 
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Table 2 





FC 


c 


uk in point contact 


0.08 


0.07 


uk in surface contact 


0.07 


1.3 


Contact angle (degree) 


93 


76 



C in thf™ , ? 9 mm f ° rmed With FC W3S Sma " Simi,ar t0 tnat ° f the film formed with 

™1 , * P ° mt C ° maCt - bUt W3S 3lS0 Sma " diS5imilar to that of the ,atter film the case of surface 

Trf^f 6red th3t ,hiS friction - reduci "9 Effect wiii be produced by a low energy Lel 0 " 

surface formed of fluorocarbon chains of FC. yy ourermost 

Thus, a recording medium having a low friction coefficient and high abrasion resistance can h« 
produced effectively by forming a lubricating .ayer with such an aikylsiiane h tol^ 
hydrocarbon chains as used in this example making the hydrocarbon chains form the outerosrsuS u 
Too^Z 1 T SUCh flu0rine - containin 9 atky.si.anes are favorabiy aop.ied to recor^m^oTuse 
m operat.ons .nclud.ng point contact as well as surface contact with recorder heads. 



Example 4 



Substrates on which monomolecular films were formed from an n-hexadecyltriethoxysilane were 
immersed m solutions containing 3-ul additives shown in Table 3. After 30-minutes stirring films were 

on^L°lr D ,ef n at te T~ H S <ab ° Ut 50 3nd 10 °' C) necessar V to e -P°-te the solvents tne^ 
forming samples of lubricated recording media. ' 

a De ^nnrT^r eS ^T*. resistznce the elec *c contact resistance method under the 

operating cond.t.ons: w = 10 gf and v = 0.5 mm/s. Results of the test are shown in Table 3. 

Table 3 



Solution 


Number of 
tracing 


Surface observation 
after tracing 


Additive 


Solvent 


C 20 F», 


Chloroform 


>17 


Sparse scratches 


C 22 F» S NH 2 




13 - 16 




C, 6 F 3 i 




>15 


A trace of scratches 


C16H33OH 


Hexadecane 


14 - 18 


A few scratches 


C20H44 




>15 




C 22 H, s COOH 




15 - 18 


A trace of scratches 


None 


8-10 


Some scratches 



It is revealed that the addition of such a compound as shown in Table 3 to a monomolecular layer 
formed from the above alkyls.lane results in such improvement of abrasion resistance that the number of 
tracing is increased or the development of scratches is avoided. 

Consequently, monomolecular lubricant layers formed with such an aikylsiiane as used above on 
recording med.a can be improved by incorporating a compound such as saturated higher hydrocarbons and 
higher fluorocarbons including acids, amides and alcohols into the lubricating layers 
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On glass plates. 1500 A thick recording layers of Co-Cr (Co : Cr = 80 : 20 wt%. confirmed by atomic 
absorption spectroscopy) were formed by a continuous vapor deposition method. On these recording layers 
were formed severally built-up films of different numbers of monomolecular layers with lubricants f-HN- 
octadecylsucrinylarnino)propyltriethoxysilane (C) and Y-(N.N-dioctadecylsuccinylamino)propyltriethoxysilane 
(2C) by the LB method. These built-up films were tested for uk values (in the initial stage of passes and 
after 50 passes) under the conditions: friction head = 6R SUJ2. w = 10 gf. and v = 1.0 mm/s and the 
surfaces of these films were observed after SO passes. Results of the test are shown in Table 4 



to 



Structure of built-up film 


UK 


Surface observation 
after 50 passes 


Lubricant 


Number of 
monomolecular 
layers 


Initial 
stage 


After 50 
passes 


C 


5 


0.22 


0.2 


A trace of scratches 




11 


0.25 


0.23 




2C 


5 


0.3 


0.27 


A few scratches 




11 


0.25 


0.35 


A trace of scratches 




19 


0.25 


0.35 


No scratch or fault 


Untreated recording layer 


0.35 


0.85 - 


Severe scratches 



The recording layer untreated with any lubricant showed high uk values from the initial stage and 
severe scratches were observed at this layer surface after 50 passes. In contrast, the recording layers 
covered with built-up lubricant films exhibited low uk values, and on their surface after passes, no scratch 
or fault was observed or if any. there were a few or trace of scratches. Thus, these recording layers were 
excellent in abrasion resistance. 

As stated above, recording layers covered with built-up lubricating layers formed from said alkylsilanes 
have low uk values and are excellent in abrasion resistance, even when the lubricating layers are as thin as 
500 A or less in thickness. It proves from this example that the above built-up lubricating layers are also 



Example 6 

Films were formed from 7-(N,N-diheptadecylsuccinylamino)propyltrichlorosilane by the followinq meth- 
ods: 

LB method: A 1 mM chloroform solution of said silane was spread on the surface of pure water used as 
a sub-phase, and monomolecular films formed in this way were built up successively over a substrate. 

Adsorption method: A substrate was immersed in a 5 x 10~ 2 M benzene solution of said silane with 
stirring and after 20 minutes, the substrate was taken up. washed with chloroform and pure water, and 
dried. 

Spin coating method: The same solution (5cc) as used in the adsorption method was taken with a glass 
pipette, and applied on a substrate while spinning it at 2000 rpm for 20 seconds, and dried while spinning it 
at 3000 rpm for 20 seconds. 

The substrates used were prepared by vapor deposition of recording layers (2000 A thick) of Co-Cr on 
glass plates. Table 5 shows the uk values of the thus prepared lubricating layers in the initial stage of 
passes and variations in the uk values during the pass. The test conditions were as follows- friction head = 
6R. SUJ 2. w = 5 gf. and v = 0.5 mm/s. 




Table 5 



Film forming 
method 


uk 


Initial 
stage 


Variation during pass 


LB 


0.18 


Sliding was smooth 


Adsorption 


0.20 




Spin coating 


0.25 


Largely varied 



is The uk value of the sample prepared by the spin coating method was as high as 0.25 in the initial 
stage of passes and additionally varied largely in the repeated passes: thus the tracing was very unstable. 
In contrast, the uk values of the samples prepared by the LB method and the adsorption method were as 
low as 0.18 and 0.20, respectively, in the initial stage and did not vary during the repeated passes: thus 
these samples showed smooth sliding. It is considered that the inferior sliding characteristics of the sample 

20 prepared by the spin coating method may be due to the arrangement of alkylsilane molecules on the 
substrate which are not favorably oriented toward the substrate or crosslinked with one another. 

Unlike this, recording media having stable sliding characteristics are obtained as shown above, when 
built-up films are formed with the alkylsilane on the recording media by the LB method or the adsorption 
method. 

25 

Example 7 

On glass substrates were formed several monomolecular layers from y-(N.N-dioctadecylsuccinylarnino)- 
30 propyltriethoxysiiane <2C), 1H.1H,2H.2H-perfiuorodecylamido-propyltriethoxysilane (FC). and stearic acid 
(St). These samples were subjected to a repeated-operation test-under the conditions: friction head = 6R 
SUJ 2, w = 10 gf. and v = 1.0 mm/s. Results of the test are shown in Fig. 4. 

The result revealed that whereas the monomolecular layer formed with St was peeled off to some 
extent in about 20 - 30 passes and thereby the uk value was raised remarkably, the monomolecular layers 
as formed from the alkylsilanes showed nearly constant uk values ranging from 0.07 to 0.09 up to at least 
100.000 passes, that is. a smooth sliding property, thus proving to have excellent durability. It is considered 
that this is due to the very high bonding strength of alkylsilane molecules to the substrate and the 
extremely strong cohesive force between alkylsilane molecules. Accordingly, it proves that said alkylsilanes 
also provide monomolecular lubricating layers having excellent abrasion resistance during repeated oper- 
iq ations. 



Example 8 

45 A monomolecular layer was formed with 7-(N,N-dioctadecylsuccinylamino)propyltriethoxysilane (2C) on 

a 1500 A thick magnetic recording layer of Co-Cr (Co : Cr ratio = 80 : 20 wt%. confirmed by atomic 
absorption spectroscopy) which were formed previously by a continuous vapor deposition method on a 12- 
um thick polyimide film, thereby preparing a recording medium (8 mm width x 40 cm length). In this case, 
the recording layer surface on which the monomolecular layer was formed was allowed previously to be 

so oxidized. 

The medium untreated with any lubricant showed high friction from the initial stage of a repeated- 
operation test and after 50 passes, severe scratches were observed at the surface of this medium. In 
contrast, the recording medium covered with the monomolecular lubricant layer showed a constant uk 
during 3000 passes or more and after these passes, practically no scratch or fault was found at this layer 
55 surface. 

Thus, the recording medium covered with the monomolecular layer formed from the alkylsilane 
acquired excellent sliding characteristics and abrasion resistance. 
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Claims 

* * reC ° rain9 mMia '° rmea * ^ «*» -~ - xxy^ 

5 

EH - Si - R 3 (I) 

fluorocarbon chain has 6-14 carbon atoms "^ocaroon chain has 16-22 carbon atoms and the 

propyltriethoxysiiane. 3 ' Wh6re ' n alk y ,s "^ '« T-<N.N-dioctadecylsucdny.amino>- 

s 5 : ^ssr ^rr^~T/r" b ™ ■*» •** - * - 

methylsuccinylaminojpropyltriethoxysiiane. * S " an9 ' S ^^^^^Pt^ecanoyioxymethyl),. 

P^'«^»^W^^ is ^-octadecy.succiny.amino)- 

propyltriethoxysiiane. 5uccin y'ani'no)propyltnethoxys.lane. or 7-<N-eicosylsuccinylamino)- 

8. The lubricant of Claim 1, wherein the aikylsilane is ihih9h 5u 
y^e.lH.i> P erfluorodecylamido-propyltrie^ 

9. A method for preparing iubrica^nc P^'^^'^^Py'triethoxysilane. 

. on a recording medium from I .bricant ^ ~ a - layer 

Hi - Si - R 3 (IJ 
R 4 

containing 

are selected from halogen atoms and alkoxy carboalk^ ™£ h ? 3nd the remai ™3 R, - R. 

10. The method of C.aim 9. ^^'^^^^'^^ ** Ph6n ° Xy 9r ° UpS ' 

S5=:a:s= ss £ =S=~"~ 
a wi,h - n ° * 



S 



FIG. | 




FIG. 2 
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© Lubricant for recording media and preparation method of lubricating layer. 

© A lubricant for recording media having excellent sliding characteristics and abrasion resistance is obtained 
when an alkylsilane of the following formula (I) is prepared in a thin layer with the LB method: 



Rl 



V 

Si 
I 

R 4 



(I) 



CO 
< 

^j. Example of the alkylsilane include 7-[N,N-dioctadecylsuccinylamino)propyltriethoxysilane and 7 -[N-[tris- 

CM (heptadecylyloxymethyl)]methylsuccinylamino]propyttriethoxysilane. 

OS 

CO 
CD 
CO 
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